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(54) FUEL CELL STACK DIAGNOSTIC METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell 
stack diagnostic method capable of surely detecting 
the generation of a cross leak of a fuel cell stack 
without making specific equipment necessary. 
SOLUTION: Hydrogen-containing gas containing a 
constant concentration of hydrogen is supplied to a 
fuel electrode 1a of a fuel cell and oxygen- containing 
gas containing a constant concentration of oxygen is 
supplied to an oxidizing agent electrode 1b. The 
corresponding relation of the over time change of the 
supply amount of the oxygen-containing gas to the 
corresponding of voltage change over time in a fuel 
cell stack is recorded. When the change of 
generating voltage of the stack corresponding to the 

change of the supply amount of the oxygen-containing gas is sharp, that is detected as the 
generation of hydrogen leak in the stack. From the corresponding relation of the supply 
amount of the oxygen-containing gas to the voltage change over time in the stack 2, the 
amount of hydrogen leak in the stack 2 is calculated. When the amount of hydrogen leak Is 
more than the amount of hydrogen leak in the nomial state of the stack 2, that is decided 
as the generation of a cross leak. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use o£ this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The cell formed on both sides of the electrolyte layer between the fuel electrode and the 
oxidizer pole, and the stack by which two or more laminatings were carried out so that said cell of 
each other might be electrically connected to a serial. The fuel gas manifold which supplies fuel gas 
to the fuel electrode in each cell. While supplying the hydrogen content gas which makes applicable 
to diagnostic the fuel cell equipped with the oxidizer gas manifold which supplies oxidizer gas to the 
oxidizer pole in each cell, and contains the hydrogen of fixed concentration in said fiiel electrode 
The oxygen content gas containing the oxygen of fixed concentration is supplied to said oxidizer 
pole. A change of the amount of supply of said oxygen content gas with time. Correspondence 
relation with a change of the electrical potential difference generated in said stack in connection with 
this with time is recorded. When the generating change of potential of said stack accompanying 
change of the amount of supply of said oxygen content gas is rapid Detect that leakage of hydrogen 
has occurred in said stack, and from the correspondence relation of a change with time between the 
amount of supply of said oxygen content gas, and the electrical potential difference generated in said 
stack The diagnostic approach of the fuel cell stack which computes the hydrogen leak rate in said 
stack, and is characterized by specifying generating of cross leak when the hydrogen leak rate 
concemed is more than a hydrogen leak rate in always [ of said stack / forward ]. 
[Claim 2] The cell formed on both sides of the electrolyte layer between the fuel electrode and the 
oxidizer pole, and the stack by which two or more laminatings were carried out so that said cell of 
each other might be electrically connected to a serial. The fiiel gas manifold which supplies fuel gas 
to the fuel electrode in each cell. While supplying the hydrogen content gas which m^es applicable 
to diagnostic the fuel cell equipped with the oxidizer gas manifold which supplies oxidizer gas to the 
oxidizer pole in each cell, and contains the hydrogen of fixed concentration in said fuel electrode Or 
the amoimt of said oxygen content gas suppUed for each cell of every is computed, the oxygen 
content gas containing the oxygen of concentration fixed to said oxidizer pole ~ supplying — two or 
more cells of every — For said two or more cells of every, or a change of the amount of said oxygen 
content gas supplied for each cell of every with time. Or correspondence relation with a change of 
the electrical potential difference generated for each cell of every with time is recorded, this — 
following - two or more cells of every - When the generating change of potential for each cell of 
every for two or more cells of every in accordance with change of the amount of supply of said 
oxygen content gas is rapid two or more cells of every ~ or the thing which leakage of hydrogen has 
generated for each cell of every — detecting — two or more cells of every — or with a change of the 
amount of said oxygen content gas supplied for each cell of every with time From correspondence 
relation with a change with time with the electrical potential difference generated in said stack for 
each cell of every for two or more cells of every in accordance with this The diagnostic approach of 
the fuel cell stack which computes the hydrogen leak rate for each cell of every for two or more cells 
of every, and is characterized by specifying generating of cross leak when the hydrogen leak rate 
concemed is more than a hydrogen leak rate in always [ forward ] for each cell of every for two or 
more cells of every. 

[Claim 3] Said fuel cell is the diagnostic approach of the fuel cell stack according to claim 1 or 2 
characterized by supplying the oxygen content gas containing oxygen to said oxidizer pole while 
supplying the hydrogen content gas which contains hydrogen in said fuel electrode, after intercepting 
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the current which is connected to the circuit which passes the load current and flows from said stack 
to the load current, 

[Claim 4] The oxygen content of said oxygen content gas is the diagnostic approach of a fuel cell 
stack given in any 1 term of claims 1-3 characterized by being a complement and being said 0.1% or 
less of oxygen content gas at a reaction with the hydrogen of said hydrogen content gas to reveal. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the diagnostic approach of the fuel cell stack for 
detecting the abnormalities caused in the fuel cell stack, and relates to the diagnostic approach of the 
fuel cell stack for specifying especially generating of the cross leak which is leakage of fuel gas or 
oxidizer gas. 
[0002] 

[Description of the Prior Art] A fuel cell is equipment which transforms into direct electrical energy 
the energy emitted with oxidation reaction by oxidizing a fuel in an electrochemistry process. 
Although, as for a generation-of-electrical-energy method like thermal power and water-power 
generation, a generation of electrical energy is performed through the process of heat energy or 
kinetic energy, since the generation-of-electrical-energy system by the fuel cell is direct conversion 
which does not pass through such a process, the chemical energy which a fuel has can be used 
effectively and the high thermal efficiency of 40 - 50% can be expected also on a comparatively 
small scale. Moreover, since a combustion cycle is not included in a power plant, there are very few 
discharges of SOx and NOx used as the big social problem as a public nuisance factor in recent 
years. And cooling water is not necessarily needed in large quantities, and since the noise and 
vibration are small, it has the description of excelling in environmental capability extremely. 
[0003] Furthermore, since the heat generated with a generation of electrical energy tends to use it as 
hot-water supply or heating and cooling while responsibility of a fuel cell is good and it can expect 
high conversion efficiency theoretically to a load effect, it is possible as a cogeneration (electric heat 
double wage) system to raise total energy efficiency. 

[0004] Generally such a fuel cell has composition inserted with the electrode (a fuel electrode and 
oxidizer pole) of a pair with which the electrolyte layer holding an electrolyte used the porous 
material. And while contacting fuel gas at the tooth back of a fuel electrode as reactant gas, by 
contacting oxidizer gas at the tooth back of an oxidizer pole as reactant gas, electrochemical reaction 
is produced and electrical energy is taken out from inter-electrode. As an electrolyte, although there 
are an acidic solution, a melting carbonate, an alkali solution, etc., the phosphoric acid fuel cell with 
which the phosphoric acid was used for current is considered to be the closest to utilization. 
[0005] An example of such a phosphoric acid fuel cell is explained below according to drawdng 4 R> 
4. That is, the generation-of-electrical-energy section of a fuel cell is constituted by the fuel cell 
stack 2. The fuel cell stack 2 is the layered product to which the laminating of two or more cells 1 
was carried out through the gas division plate 3. 

[0006] The cell 1 is constituted by inserting electrolyte layer Ic which sank in the phosphoric acid 
into fuel electrode (anode electrode) la and oxidizer pole (cathode electrode) lb which used the 
porous material. The catalyst by platinum etc. is applied to the field which counters with electrolyte 
layer Ic at fuel electrode la and oxidizer pole lb, respectively. And the fiiel circulation slot where 
fuel gas, such as hydrogen, circulates is formed in the tooth back of fuel electrode 1 a. Moreover, the 
oxidizer circulation slot where oxidizer gas, such as oxygen, circulates is formed in the tooth back of 
oxidizer pole lb. 

[0007] The laminating of two or more such cells 1 and gas division plates 3 is carried out by turns, 
and the fuel cell stack 2 is constituted by inserting a cooling plate 4 for every number of fixed 
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laminatings further. The gas division plate 3 is a member which secures the electrical installation 
between cells 1 while classifying the gas supplied to each of fuel electrode la and oxidizer pole lb. 
In addition, generally fuel electrode la, oxidizer pole lb, the gas division plate 3, and the cooling 
plate 4 are made by each considering carbon as an ingredient. The reason using carbon is because it 
excels in phosphoric-acid-proof nature (corrosion resistance), thermal resistance, electrical 
conductivity, and thermal conductivity and can manufacture by low cost. 

[0008] Furthermore, in the edge of the upper and lower sides of the fuel cell stack 2, the collecting 
electrode plate 6 which takes out the current produced in the fuel cell stack 2 is arranged. On the 
other hand, in the side face of the fuel cell stack 2, the gas manifold 5 which supplies and discharges 
fuel gas and oxidizer gas is arranged at the fuel cell stack 2. 

[0009] The operation of the fuel cell of the phosphoric-acid mold which has the above configurations 
is as follows. That is, in each cell 1 which constitutes the fuel cell stack 2, the hydrogen supplied to 
fuel electrode la causes a reaction like the following formula 1 by operation of the catalyst applied 
to fuel electrode la. 
[0010] 
[Equation 1] 

-*2H^ + 2 e ...atl 

The hydrogen ion (H+) generated by the dissociative reaction of this hydrogen moves in the inside of 

the phosphoric acid stored in electrolyte layer Ic, and reaches oxidizer pole lb. 

[001 1] On the other hand, an electron (e-) flows an extemal circuit from fuel electrode la, works 

through a power load, and reaches oxidizer pole lb. And a reaction like the following formula 2 

occurs according to an operation of the catalyst applied to oxidizer pole lb with the hydrogen ion 

(H+) which has moved from fuel electrode la, the oxygen (02) supplied to oxidizer pole lb, and the 

electron (e-) which has worked in the extemal circuit. 

[0012] 

[Equation 2] 

4H^+02+4e"-»2H20 .».^2 

In <BR>, therefore a cell, while hydrogen oxidizes and becoming water, the chemical energy at this 
time tums into electrical energy given to an extemal power load. Thus, the overall reaction as a cell 
of a cell is completed. In addition, although the reaction in the above-mentioned cell 1 is exothermic 
reaction, this heat is removed by pouring refrigerants, such as water, inside the cooling plate 4 
inserted in the stack 2 interior, and the temperature of the fuel cell stack 2 is kept constant. 
[0013] Moreover, in an actual phosphoric acid fuel cell, as fuel gas, a steam (H2 O) is usually added 
and heated to the natural gas which mainly consists of methane (CH4), and the hydrogen generated 
by the so-called reforming reaction like the following formula 3 and a formula 4 is used. 
[0014] 
[Equation 3] 

CH^ o-^SHg +C0 -^3 
[Equation 41 

At this reaction, a carbon dioxide (C02) is also generated in coincidence with hydrogen. Therefore, 
the gas supplied to a fuel cell tums into mixed gas of hydrogen and a carbon dioxide. Moreover, 
these amounts are like [ which can be disregarded ] although unreacted methane and an imreacted 
carbon monoxide (CO) are contained slightly. Hereafter, this mixed gas is called "fuel gas." Since a 
carbon dioxide is inactive electrochemically, even if a fuel cell is supplied, the above-mentioned 
reaction is not checked. Moreover, generally as oxidizer gas, air is used. Although air mainly 
consists of nitrogen and oxygen, since nitrogen is also inert gas, it is satisfactory even if a fuel cell is 
supplied. 
[0015] 

[Problem(s) to be Solved by the Invention] By the way, in order for a fuel cell to generate electricity, 
each reactant gas fully needs to be supplied to fuel electrode la and oxidizer pole lb. However, 
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when the deficit etc. occurred in electrolyte layer Ic, fuel gas is revealed to an oxidizer pole or 
oxidizer gas is conversely revealed to a fiiel electrode (this phenomenon is hereafter called "cross 
leak"), the following problems arise. That is, if cross leak occurs, the hydrogen in fuel gas and the 
oxygen in oxidizer gas react directly, and since it is consumed, fuel gas and oxidizer gas for a 
generation of electrical energy will run short. Thus, when fuel gas runs short, it will concentrate on 
the neighborhood (near a fiiel gas inlet port) to which fuel gas is supplied, and a reaction will 
increase compared with a condition witii the normal calorific value of this part. Moreover, in the part 
which the direct reaction of hydrogen and oxygen has produced, heat of reaction arises and the 
temperature of an electrode rises. 

[0016] If fuel electrode la and air pole lb become an elevated temperature by such temperature rise, 
degradation of evaporation of a phosphoric-acid electrolyte, a catalyst, etc. currently stored in the 
cell will advance quickly, and wiU become the cause of shortening the life of a cell. Although the 
electrolyte layer has achieved the function which intercepts gas when a phosphoric acid fills the pore 
of a porous body, if evaporation of a phosphoric acid advances, the amount of the liquid which was 
burying the pore of an electrolyte layer will decrease, and leakage of reactant gas will become still 
more intense. 

[0017] Furthermore, near a fuel gas outlet, when lack of fiiel gas is remarkable, since a hydrogen ion 
is not supplied to oxidizer pole lb, the generation reaction of water does not occur. And the reaction 
by which the carbon which is the ingredient of an electrode Uke the following formula 5 and a 
formula 6, a gas division plate, and a cooling plate is corroded instead of the generation reaction of 
water occurs. 



If the corrosion reaction of such carbon advances, a deficit will arise in the main components of a 
fuel cell, and operation of a fuel cell will become impossible. And cross leak may become intense 
further by advance of this corrosion. 

[0019] When cross leak occurs, above im-arranging will arise with lack of reactant gas, the electrical 
potential difference generated in a fiiel cell stack as a result will fall, and the amount of electrical 
energy (the amount of generations of electrical energy) will fall. 

[0020] In order to cope with generating of such cross leak, in the conventional fiiel cell, 
abnormalities are detected by the detection approach based on an amplitude measurement. That is, it 
is supposed that the electrical potential difference of a fiiel cell stack is measured, it judges that 
abnormalities occurred in the fiiel cell when it became below constant value with a measurement 
electrical potential difference, and subsequent correspondence treatment is performed. 
[0021] However, the poor gaseous difliision by lock out according [ the cause that the electrical 
potential difference of a fiiel cell stack falls ] to the foreign matter of a gas supply slot in addition to 
cross leak, and superfluous sinking [ of a phosphoric acid ] in is considered. Therefore, by the 
abnormality detection approach only by the above amplitude measurements, it cannot specify 
whether the electrical potential difference fell according to that the electrical potential difference fell 
by cross leak, or other causes, and the prompt action which receives unusually cannot do it. 
[0022] Since this is coped with, how to detect cross leak can be considered by measuring the carbon 
dioxide levels in the gas discharged fi"om an oxidizer pole. Since a carbon dioxide is contained in 
fiiel gas, if this approach has leakage of fiiel gas, it will use that the concentration of a carbon 
dioxide increases. However, since the carbon dioxide is contained also in the air supplied as oxidizer 
gas, when leakage of fiiel gas is a minute amount, it is difficult [ it ] to detect only the carbon dioxide 
by leakage of fiiel gas. 

[0023] Moreover, how to detect cross leak can be considered by measuring the hydrogen 
concentration in the gas discharged fi"om an oxidizer pole. This approach does not restrict that all the 
hydrogen in the fiiel gas revealed to the oxidizer pole reacts with oxygen, but Uses that hydrogen is 
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[Equation 6] 

C+Hg 0-*CO+2H* +2e' 
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contained for the gas discharged from an oxidizer pole. However, also in this case, when leakage of 
fuel gas is a minute amoimt, detection becomes difficult. 

[0024] Furthermore, since equipment with a gas chromatograph special in order to measure the 
concentration of the carbon dioxide in the above exhaust gases or hydrogen etc. is needed, it 
becomes cost quantity. And even if an abnormal occurrence is detectable with an exhaust gas, since 
the gas discharged from all the cells of a fiiel cell stack is mixed, the gas discharged from the outlet 
manifold of an oxidizer pole cannot specify with which cell cross leak has arisen. 
[0025] It is proposed in order that this invention may solve the trouble of the above conventional 
techniques, and the main purpose is offering the diagnostic approach of the fuel cell stack which can 
detect the generating certainly, without needing special equipment, when cross leak arises in a fiiel 
cell stack. 

[0026] The 2nd purpose is that specification of the generated cell offers the diagnostic approach of 

an easy fuel cell stack, when cross leak arises in a cell with a fuel cell stack. 

[0027] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the diagnostic 
approach of the fiiel cell stack which is invention according to claim 1 The cell formed on both sides 
of the electrolyte layer between the fuel electrode and the oxidizer pole, and the stack by which two 
or more laminatings were carried out so that said cell of each other might be electrically connected to 
a serial. The fuel gas manifold which supplies fuel gas to the fuel electrode in each cell. While 
supplying the hydrogen content gas which makes applicable to diagnostic the fiiel cell equipped with 
the oxidizer gas manifold which supplies oxidizer gas to the oxidizer pole in each cell, and contains 
the hydrogen of fixed concentration in said fuel electrode The oxygen content gas containing the 
oxygen of fixed concentration is supplied to said oxidizer pole. A change of the amount of supply of 
said oxygen content gas with time. Correspondence relation with a change of the electrical potential 
difference generated in said stack in connection with this with time is recorded. When the generating 
change of potential of said stack accompanying change of the amount of supply of said oxygen 
content gas is rapid Detect that leakage of hydrogen has occurred in said stack, and from the 
correspondence relation of a change with time between the amount of supply of said oxygen content 
gas, and the electrical potential difference generated in said stack The hydrogen leak rate in said 
stack is computed, and when the hydrogen leak rate concerned is more than a hydrogen leak rate in 
always [ of said stack / forward ], it is characterized by specifying generating of cross leak. 
[0028] In the above invention according to claim 1, the hydrogen content gas which contains the 
hydrogen of fixed concentration in a fuel electrode from the fuel gas manifold of a fiiel cell first is 
supplied. The oxygen content gas containing the oxygen of fixed concentration is supplied to an 
oxidizer pole from the oxidizer gas manifold of a fuel cell at coincidence. Then, although an 
electrical potential difference occurs in a stack, when changing the amount of supply of oxygen 
content gas with time, a generated voltage also changes with time. And the correspondence relation 
between a change of the amount of supply of such oxygen content gas with time and a change of a 
generated voltage with time is recorded. For example, when it is made to change so that the amount 
of supply of oxygen content gas may decrease gradually, the electrical potential difference generated 
in a fuel cell stack falls gradually, and the rate of the fall becomes large gradually. 
[0029] Thus, if the amount of supply of oxygen content gas is decreased gradually, when leakage of 
hydrogen will have occurred in a stack, in an certain amount of supply, an electrical potential 
difference falls rapidly. The method of change of this electrical potential difference is decided by the 
concentration of the oxygen contained in oxygen content gas, and the amoimt of the hydrogen 
revealed by the abnormalities of a stack. Since the concentration of oxygen and the concentration of 
hydrogen content gas which are contained in the oxygen content gas supplied are fixed, they 
compute the amount of the hydrogen revealed by the abnormalities of a stack from the 
correspondence relation of a change of the amoimt of supply of oxygen content gas with time and a 
change of an electrical potential difference with time whdch were recorded as mentioned above. 
[0030] However, since the hydrogen in hydrogen content gas is dissolved in the phosphoric acid 
which is an electrolyte in the state of a gas and this hydrogen that dissolved is spread to the oxidizer 
pole, leakage of the hydrogen of ultralow volume arises also in the stack of forward always, and 
change of the above electrical potential differences may be observed. The leak rate of the hydrogen 
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in this case is extent no trouble is [ extent ] in operation of the usual fuel cell. For this reason, when 
the leak rate of the hydrogen for which it asked from change of an electrical potential difference as 
mentioned above exceeds the leak rate of the hydrogen in always [ forward ], it is specified that it is 
cross leak and it is determined whether continuation of operation of a fiiel cell is possible. 
[0031] The diagnostic approach of the fuel cell stack which is invention according to claim 2 The 
cell formed on both sides of the electrolyte layer between the fuel electrode and the oxidizer pole, 
and the stack by which two or more laminatings were carried out so that said cell of each other might 
be electrically connected to a serial. The fuel gas manifold which supplies fuel gas to the fuel 
electrode in each cell. The fiiel cell equipped with the oxidizer gas manifold which supplies oxidizer 
gas to the oxidizer pole in each cell is made applicable to diagnostic. Or the amoimt of said oxygen 
content gas supplied for each cell of every is computed, two or more cells of every ~ the electrical 
potential difference of said stack — two or more cells of every ~ each cell of every [ or ] — 
measuring — said two or more cells of every — or with a change of the amount of said oxygen 
content gas supplied for each cell of every with time Or correspondence relation with a change of the 
electrical potential difference generated for each cell of every with time is recorded, this — following 
— two or more cells of every — When the generating change of potential for each cell of every for 
two or more cells of every in accordance with change of the amount of supply of said oxygen content 
gas is rapid two or more cells of every ~ or the thing which leakage of hydrogen has generated for 
each cell of every ~ detecting — two or more cells of every — or with a change of the amoimt of said 
oxygen content gas supplied for each cell of every with time From correspondence relation with a 
change with time with the electrical potential difference generated in said stack for each cell of every 
for two or more cells of every in accordance with this The hydrogen leak rate for each cell of every 
for two or more cells of every is computed, and when the hydrogen leak rate concerned is more than 
a hydrogen leak rate in always [ forward ] for each cell of every for two or more cells of every, it is 
characterized by specifying generating of cross leak. 

[0032] every cell [ invention / above / according to claim 2 ] of plurality first — or the amount of the 
oxygen content gas supplied to an oxidizer pole for each cell of every is computed. What is 
necessary is simply, just to divide the amount of the oxygen content gas supplied to the fuel cell 
stack by the number of cells, if oxygen content gas is equally supplied to the oxidizer pole of all cells 
in a fiiel cell stack. Or it is also possible to compute the rate of allocation of oxygen content gas 
beforehand by an observation or other coimt approaches. 

[0033] And the hydrogen content gas which contains the hydrogen of fixed concentration in a fuel 
electrode from the fuel gas manifold of a fuel cell is supplied. The oxygen content gas containing the 
oxygen of fixed concentration is supplied to an oxidizer pole from the oxidizer gas manifold of a fuel 
cell at coincidence. Then, although an electrical potential difference occurs in a stack, when 
changing the amount of supply of oxygen content gas with time, a generated voltage also changes 
with time, said two or more cells of every [ and ] — every [ or ] cell of a change of the amount of 
supply of the oxygen content gas supplied for each cell of every with time, and plurality — or 
correspondence relation with a change of the electrical potential difference generated for each cell of 
every with time is recorded. 

[0034] If the amoimt of supply of oxygen content gas is decreased gradually, in two or more cells or 
independent cells containing the cell which leakage of hydrogen has generated, an electrical potential 
difference will fall rapidly in an certain amount of supply. The method of change of this electrical 
potential difference is decided by the concentration of the oxygen contained in oxygen content gas, 
and the amoimt of the hydrogen revealed by the abnormalities of the cell concemed. Since the 
concentration of oxygen and the concentration of hydrogen content gas which are contained in the 
oxygen content gas supplied are fixed, they compute the amount of the hydrogen revealed by the 
abnormalities of the cell concemed from the correspondence relation of a change of the amount of 
supply of oxygen content gas with time and a change of an electrical potential difference with time 
which were recorded as mentioned above. 

[0035] However, since the hydrogen in hydrogen content gas is dissolved in the phosphoric acid 
which is an electrolyte in the state of a gas and this hydrogen that dissolved is spread to the oxidizer 
pole, leakage of the hydrogen of ultralow volume arises also in the cell of forward always, and 
change of the above electrical potential differences may be observed. The leak rate of the hydrogen 



ht^://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1/30/2006 



JP,09-027336,A [DETAILED DESCRIPTION] 



Page 6 of 11 



in this case is extent no trouble is [ extent ] in operation of the usual fuel cell. For this reason, when 
the leak rate of the hydrogen for which it asked from change of an electrical potential difference as 
mentioned above exceeds the leak rate of the hydrogen in always [ forward ], it is specified when 
cross leak has occurred in the cell concemed in either of two or more cells concerned, and it is 
determined whether continuation of operation of a fuel cell is possible. 

[0036] Invention according to claim 3 is characterized by said fuel cell supplying the oxygen content 
gas containing oxygen to said oxidizer pole in the diagnostic approach of a fuel cell stack according 
to claim 1 or 2, while supplying the hydrogen content gas which contains hydrogen in said fuel 
electrode, after intercepting the current which is connected to the circuit which passes the load 
current and flows from said stack to the load current. 

[0037] In the above invention according to claim 3, by opening the circuit which passes the load 
current prepared in the stack, it will be in a generation-of-electrical-energy idle state, and the 
temperature of a stack is stabilized at low temperature. Since a generated voltage will be stabilized if 
the temperature of a stack is stable, it becomes possible to measure change of an electrical potential 
difference correctly. 

[0038] Invention according to claim 4 is characterized by being a complement and being said 0.1% 
or less of oxygen content gas at a reaction with the hydrogen of said hydrogen content gas which 
reveals the oxygen content of said oxygen content gas in the diagnostic approach of a fuel cell stack 
given in any 1 term of claims 1-3. 

[0039] In the above invention according to claim 4, by making into 0.1% or less concentration of the 
oxygen contained in oxygen content gas, the rise of the potential of the oxidizer pole accompanying 
releasing the circuit which passes the load ciuxent can be controlled, and a platinum catalyst becomes 
possible [ preventing the property fall by the dissolution and re-depositing and a particle ******ing 
(sintering) ]. 
[0040] 

[Embodiment of the Invention] Hereafter, the gestalt of implementation of the diagnostic approach 
of the fuel cell stack of this invention is explained below with reference to a drawing. In addition, the 
same sign is given to a corresponding element, the explanation is omitted, and only the same as that 
of the conventional example shown in drawing 4 or a part different here is described. Moreover, 
although it is drawn in drawing 1 so that fuel gas (and hydrogen content gas) and oxidizer gas (and 
oxygen content gas) may flow in the same direction within the fiiel cell stack 2, fuel gas and oxidizer 
gas flow in fact in the direction which intersects perpendicularly mutually as shown in Fig. 4. And in 
drawing 1 , the gas manifold 5 and the collecting electrode plate 6 are omitted. Furthermore, in fact, 
although it simplifies and only one cell 1 is shown, the fuel cell stack 2 shown in drawing 3 is 
formed by carrying out the laminating of two or more unit cells 1, gas division plates 3, and cooling 
plates 4, as shown in drawing 4 . 

[0041] (1) Explain below as a gestalt of the 1st operation of the gestalt of one operation 
corresponding to the diagnostic approach of the fiiel cell power plant which is invention of gestalt 
claim 1 publication of the 1st operation. 

[0042] (a) Explain an example of the fuel cell power plant used for the gestalt of fuel cell power 
plant **** and this operation set as the diagnostic object of the gestalt of the 1st operation according 
to drawing 1 . That is, the fuel gas supply pipe 1 1 and the exhaust pipe 12 are connected to fuel 
electrode la in the fuel cell stack 2. Natural gas and the reforming machine (not shown) made to 
generate hydrogen by the reforming reaction from a steam are connected to the fiiel gas supply pipe 
1 1 as a source of supply of fuel gas. The oxidizer gas supply line 13 and the exhaust pipe 14 are 
connected to oxidizer pole lb. The blower which sends air is connected to the oxidizing agent gas 
supply line 13 as a source of supply of oxidizing agent gas. 

[0043] Moreover, the flow control valve 15 which adjusts the flow rate of the gas which flows the 
interior, and the flowmeter 16 which measures the flow rate of gas are formed in the oxidizer gas 
supply line 13. And the recording device 20 is connected to the flowmeter 16. The flow rate value 
measured by the flowmeter 16 is changed into an electric signal, is sent to a recording device 20, and 
has the composition that a time change of a flow rate is recorded by this recording device. 
Furthermore, the oxygen content gas supply line 18 which formed the selector valve 17 is connected 
to the oxidizer gas supply line 13. The chemical cylinder 19 into which the gas which mixed 0,1% of 
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oxygen to nitrogen was put as a source of supply of oxygen content gas is connected to this oxygen 
content gas supply line 18. 

[0044] On the other hand, through the current line 31, the direct current taken out from the fuel cell 
stack 2 is changed into alternating current by the inverter 33 through a switch 32, and has 
composition supplied to the power load of the exterior which is not illustrated. Moreover, the 
voltmeter 34 which measures the electrical potential difference generated in the fuel cell stack 2 is 
connected among the two poles of the fuel cell stack 2. The value of the electrical potential 
difference measured with the voltmeter 34 is sent to a recording device 20, and has the composition 
that a time change is recorded with this recording device. 

[0045] (b) Explain an operation of the gestalt of the 1st operation, next the gestalt of this operation 
using an above-mentioned fuel cell power plant according to the procedure of the operation. 
[0046] ** When an above-mentioned fuel cell power plant is in a generation-of-electrical-energy 
condition from a generation-of-electrical-energy halt to supply of oxygen content gas and hydrogen 
content gas, as shown in drawing 1, the selector valve 17 is opened in the direction which supplies 
oxidizer gas (generally air) to the oxidizer gas supply line 13. Moreover, since a switch 32 is in a 
close condition, the ciurent is flowing for both the fiiel cell stack 2 the current line 31 the inverter 33 
and the external load (not shown). 

[0047] Although it is necessary to make a fuel cell power plant into a generation-of-electrical-energy 
idle state from a generation-of-electrical-energy condition fu-st in order to enforce the diagnostic 
approach by the gestalt of this operation to the above fuel cell power plants, generally this is 
performed as follows. That is, while supplying inert gas, such as nitrogen, to fuel electrode la and 
oxidizer pole lb and discharging fuel gas and oxidizer gas compulsorily, a switch 32 is opened and 
the current which is flowing to the fuel cell stack 2 is intercepted. 

[0048] Thus, if the circuit which passes the load current is opened, since the potential of an oxidizer 
pole will rise, a platinum catalyst re-[ the dissolution and ] deposits and a particle ******s 
(sintering). Then, since activation polarization increases with reduction of the surface area of a 
platinum catalyst and a phosphoric acid flows into the pore of a catalyst bed, the diffusibility of gas 
may fall and the fall of the property which considers the increment in diffusion polarization etc. as a 
cause may advance. However, in the gestalt of this operation, the rise of the potential of an oxidizer 
pole is controlled by making into 0.1% or less concentration of the oxygen contained in oxygen 
content gas. 

[0049] After suspending a generation of electrical energy as mentioned above, change a selector 
valve 17, oxygen content gas is made to flow into the oxidizer gas supply line 13, and oxygen 
content gas is supplied to oxidizer pole lb. Moreover, hydrogen content gas is supplied to fuel 
electrode la from the fuel gas supply pipe 1 1 . 

[0050] detection of a generated voltage — if oxygen content gas is supplied to oxidizer pole lb as 
mentioned above and hydrogen content gas is supplied to fuel electrode la, an electrical potential 
difference will occur in the fuel cell stack 2. And if the amount of supply of the oxygen content gas 
supplied to the fuel cell stack 2 is changed when cross leak has occurred in the fuel cell stack 2, the 
electrical potential difference generated in the fuel cell stack 2 will change as follows. 
[0051] For example, if the amount of supply is decreased when it is the amoimt of supply of oxygen 
content gas which an about [ 0.6-0.8V ] electrical potential difference generates per cell, the 
electrical potential difference falls gradually. And when cross leak has occurred in the fUel cell stack 
2, if it becomes below a value with a flow rate, an electrical potential difference will fall rapidly and 
will become about 0. 1 -0.2V per cell. 

[0052] The amoimt of supply of such oxygen content gas is measured by the flowmeter 16, and a 
generated voltage is measured by the voltmeter 34. Those measured value is sent to a recording 
device 20, and is recorded for every fixed time amount. Thus, the graph which shows a time change 
of the relation of the amount of supply of oxygen content gas and the generated voltage which were 
recorded is shown in drawing 2 . If it becomes below a value with the amount of supply of oxygen 
content gas so that clearly from this graph, the phenomenon in which an electrical potential 
difference falls rapidly will happen. 

[0053] ** The sag phenomenon of the relation above of the amount of supply of oxygen content gas, 
an electrical potential difference, and change can be explained as follows. First, the current which 
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flows to a cell is 0, and the electrical potential difference E generated with a cell is theoretically 
expressed by Nemst's equation like the degree type 7, when the oxygen density in CH and oxygen 
content gas is set [ the temperature of a cell ] to Co for the hydrogen concentration in T and 
hydrogen content gas. 
[0054] 
[Equation 7] 

E«E^ + (2. 3RT/2F) I o g (Cj • Co^^^ ) 
= Eq + (2. 3RT/2F) loff(Cj) 

+ (2. 3RT/4F) log (Co) ...^7 

Here, it is EO. It is called standard electromotive force, and although it is 1.23V at the time of 25 
degrees C, it changes with temperature. Moreover, R is 8.31 (J/mol-K) and F is 96485 (C/mol) in a 
Faraday constant at a gas constant. 

[0055] However, it is EO when it actually measures. Although it is lower than a theoretical value, 
since only change of an electrical potential difference should be measured here, it is EO. The 
difference from a theoretical value is not important. Moreover, when cross leak has arisen, the 
inclination of the electrical potential difference E to the logarithm (log (Co)) of an oxygen density is 
larger than 2.3RT/4F, and the difference is almost equal to the value (setting in the relation between 
the current I which flows to a cell, and the electrical potential difference E generated with a cell the 
logarithm of a current inclination of the electrical potential difference E to logi) generally measured 
as TAFERU inclination. Therefore, experimentally, when TAFERU inclination is set to b, the 
relation between an electrical potential difference E, the hydrogen concentration CH in hydrogen 
content gas, and the oxygen density Co in oxygen content gas is expressed like the degree type 8. 
[0056] 
[Equation 8] 

E-*Eq + C2. 3RT/2 P) I o K (C^ ) 

+ Cb + 2. 3RT/4F) los (Co) -^S 

Here, there is a deficit etc. in electrolyte layer Ic etc. in a fiiel cell power plant, and suppose that it is 
in the condition that cross leak occurs at the time of operation. In this case, if oxygen content gas is 
supplied to oxidizer pole lb as mentioned above and hydrogen content gas is supplied to fuel 
electrode la, hydrogen content gas will be revealed to oxidizer pole lb. Then, the oxygen of the 
oxygen content gas supplied to oxidizer pole lb is consumed by the reaction with hydrogen, and an 
oxygen density falls. 

[0057] Oxygen density Coout in the oxidizer gas outlet of a cell supposing the whole quantity of the 
revealed hydrogen reacts with the oxygen of an oxidizer pole When the leak rate of S and hydrogen 
is set [ the oxygen density in oxygen content gas ] to L for the amount of supply of Coin and oxygen 
content gas, it is expressed like the following formula 9. 
[0058] 
[Equation 9] 

Co''"^ « CCo'"xs-L/2) /S "AS 

Therefore, if (a formula 8) (formula 9) is doubled, the relation between the amount of supply of 
oxygen content gas and an electrical potential difference can be foimd like the following formula 10. 
[0059] 

[Equation 10] 

E=^Q + (2. 3RT/2P) log (Cg) 

+ Cb + 2. 3RT/4 P) I o« ( (Co*"xS-L/2) /S) 

-ai 0 

In the above (formula 10), although a value will emit at the time of CoinxS<=L/2, at this time, in 
fact, all the oxygen of an oxidizer pole is consimied by the reaction with hydrogen, the oxidizer pole 
has also been a hydrogen ambient atmosphere, and since the cell is in the condition of the 
concentration cell of hydrogen, it is considered that an about [ 0.1 -0.2V ] electrical potential 
difference arises. 
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[0060] In addition, also when cross leak has not arisen, change of the above electrical potential 
differences is observed. Since this dissolves the hydrogen in hydrogen content gas in the phosphoric 
acid which is an electrolyte in the state of a gas and this hydrogen that dissolved difiRises it to the 
oxidizer pole, it is for the same phenomenon to arise as cross leak of ultralow volimie has arisen. 
This amoimt is extent no trouble is [ extent ] in operation of the usual fuel cell. For this reason, only 
when the leak rate of the hydrogen by the cross leak for which it asked by the above-mentioned 
approach is over the upper limit (leak rate of the hydrogen of forward always) defined beforehand, it 
will be judged that it is unusual. 

[0061] ** In order to calculate the leak rate L of hydrogen from the relation of an oxygen content gas 
supply volume and an electrical potential difference as shown in calculation drawing 2 of the leak 
rate of hydrogen, make it be the following. 

[0062] It is oxygen content gas-supply-voliraie SE when an electrical potential difference falling 
rapidly in Fig. 2 most simply. Since it will be CoinxSE =L/2 as shown in (a formula 10) if it 
measures, it is the oxygen density and SE in oxygen content gas. The value of a leak rate L is 
calculated from a value. 

[0063] Moreover, oxygen content gas supply volume SI Electrical potential difference El at the time 
Amount of supply S2 Electrical potential difference E2 at the time When it measures, it is [Equation 
11] from (a formula 10). 

= Cb + 2. 3RT/4F) loa 

'"Al 1 

Since it becomes, (a formula 11) can be solved and a leak rate L can be calculated. In order to ask 
still more correctly, it is L and EO to the measurement result of Fig. 2. If fitting [ it considers as a 
variable and / (a formula 10) / with the least square method etc. ], it can ask for L. And when the leak 
rate L of the hydrogen called for as mentioned above is over the upper limit (hydrogen leak rate of 
forward always) defined beforehand, it will be judged that cross leak has occxirred. 
[0064] (c) the effectiveness of the gestalt of the 1st operation — the effectiveness of the above 
gestalten of this operation is as follows. That is, since the leak rate of the hydrogen by cross leak can 
be detected without needing special equipments, such as a gas chromatograph, generating of cross 
leak is certainly detectable. 

[0065] Thus, when generating of the cross leak in a fuel cell power plant is detected, in subsequent 
operation, the amoimt of supply of fuel gas and oxidizer gas is made to increase, it is made for lack 
of reactant gas not to arise, or the dependability as a power plant can be raised by the approach of 
exchanging a fuel cell stack. 

[0066] Moreover, since it is performed after a diagnosis opens the circuit which passes the load 
current, stops a generation-of-electrical-energy condition and reduces the temperature of the fuel cell 
stack 2, the temperature of the fuel cell stack 2 becomes fixed, standard electromotive force is 
stabilized by it and it becomes exact [ a detection value ]. 

[0067] Fiuthermore, since the concentration of the oxygen contained in oxygen content gas is 0.1%, 
the rise of the potential of the oxidizer pole accompanying releasing the circuit which passes the load 
current is controlled. Therefore, a platinum catalyst becomes possible [ preventing the dissolution 
and the property fall by re-depositing and a particle ******ing (sintering) ], and a diagnosis can 
lessen effect which it has on a fuel cell power plant. 

[0068] (2) Explain below as a gestalt of the 2nd operation of the gestalt of one operation 
corresponding to the diagnostic approach of the fuel cell power plant which is invention of gestalt 
claim 2 publication of the 2nd operation. 

[0069] (a) Explain an example of the fuel cell power plant used for the gestalt of fuel cell power 
plant **** and this operation set as the diagnostic object of the gestalt of the 2nd operation 
according to drawing 3 . In addition, the same sign is given to the same member as the fuel cell 
power plant used for the gestalt of the 1st operation, and explanation is omitted, that is, the fuel cell 
stack 2 is fixed in a cell 1 and the gas division plate 3 — a number laminating is carried out ~ ** — it 
is alike and the cooling plate 4 is inserted. Two or more cells 1 between this cooUng plate 4 and 
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cooling plate 4 and the group of the gas division plate 3 are called a "substack." such every [ and ] 
substack — or the voltmeter 34 which measures the electrical potential difference generated for each 
cell of every is formed. 

[0070] (b) Explain an operation of the gestalt of the 2nd operation, next the gestalt of this operation 
using an above-mentioned fuel cell power plant according to the procedure of the operation. In 
addition, the same procedure as the gestalt of the 1st operation simplifies explanation. 
[0071] the amount of the oxygen content gas supplied to measure, each substack, or each cell 1 is 
computed by an observation or coimt. What is necessary is just to easy usually divide the amount of 
the oxygen content gas supplied to the fuel cell stack 2 whole by the nimiber of substacks, or the 
number of cells 1, since gas is supplied to each cell 1 almost equally. 

[0072] And like the gestalt of the 1st operation, a fuel cell power plant is made into a generation-of- 
electrical-energy idle state, oxygen content gas is supplied to oxidizer pole lb, and hydrogen content 
gas is supplied to fuel electrode la. The amoimt of supply of oxygen content gas is measured by the 
flow meter 16, and the amount of supply of the oxygen content gas for each cell of every for every 
substack is computed as mentioned above. The generated voltage for every substack or the generated 
voltage for each cell of every is measured by the voltmeter 34. Each oxygen content gas supply 
volume and generated voltage for every cell for every substack are sent to a recording device 20, and 
are recorded for every fixed time amoimt. Thus, the graph which shows a time change of the relation 
of the amount of supply of oxygen content gas and the generated voltage which were recorded is 
similarly indicated to be drawing 2 . 

[0073] Based on the relation of this oxygen content gas supply volume and generated voltage, the 
leak rate of the hydrogen for each cell of every for every substack is calculated like the gestalt of the 
1st operation of the above. And when there is the substack or cell 1 with which the calculated leak 
rate which was carried out in this way is over the upper limit (leak rate of the hydrogen of the 
forward always of a corresponding substack or a corresponding cell 1) defined beforehand, it will be 
judged that cross leak has occurred in one of the cells 1 or the cells 1 concemed of the substack 
concemed. 

[0074] (c) the effectiveness of the gestalt of the 2nd operation — the effectiveness of the above 
gestalten of this operation is as follows. That is, since the leak rate of the hydrogen by cross leak can 
be detected like the gestalt of the 1st operation, without needing special equipments, such as a gas 
chromatograph, generating of cross leak is certainly detectable. 

[0075] furthermore, generating of cross leak — each substack of every ~ or since it is detectable for 
each cell of every, it becomes easy to specify in which cell abnormalities have arisen. Therefore, 
only the large cell 1 or substack of the amount of cross leaks can be removed, and a fuel cell power 
plant can be succeedingly operated only with the normal cell 1 by exchange, bypassing electrically, 
etc. 

[0076] In addition, while the fuel cell stack 2 is generating electricity, the difference has arisen to 
temperature by each cell 1 or difference of the location of the direction of a flat surface in one cell. 
However, since the circuit which passes the load current was opened and the generation of electrical 
energy is suspended like the gestalt of the 1st operation before diagnosing when carrying out the 
gestalt of this operation, the temperature of the fuel cell stack 2 is falling to about 1 appearance. 
Therefore, the temperature of the fuel cell stack 2 becomes fixed, standard electromotive force is 
stabilized and a detection value becomes exact. 

[0077] (3) Gestalt this invention of other operations is not limited to the gestalt of the above 
operations, and the quantity of each part material used, a class, the procedure of operation, etc. can 
be changed suitably. 

[0078] For example, in the gestalt of the above-mentioned operation, although the content of the 
oxygen in oxygen content gas was 0. 1%, as long as it is 0.1% or less, other values are sufficient. 
Moreover, as a source of supply of oxygen content gas, the approach of mixing the nitrogen gas 
other than a chemical cylinder at a fixed rate to air is also possible. 

[0079] Moreover, even if the fuel gas used for a generation of electrical energy is used for the 
hydrogen content gas supplied to fuel electrode la, the mixed gas of inert gas and hydrogen, such as 
pure hydrogen gas supplied fi-om a chemical cylinder etc. or nitrogen, may be used for it. Since that 
effect is large when cross leak has arisen [ the higher one ], the concentration of the hydrogen in this 
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hydrogen content gas is advantageous to detection of cross leak, but if hydrogen is contained at least 
1% or more, detection will be possible and will not have a bad influence on a fuel cell stack. 
However, it is necessary to make it concentration not change with time amount. 
[0080] Fuel gas and oxidizer gas were made to discharge compulsorily from fuel electrode la and 
oxidizer pole lb by supply of inert gas before implementation of a diagnosis in the gestalt of the 
above-mentioned operation. However, since fuel gas can be used as hydrogen content gas as it is as 
mentioned above, it is not necessary to supply inert gas to fuel electrode la. 

[0081] Moreover, with the gestalt of the above-mentioned implementation, it was diagnosing, after 
stopping the generation-of-electrical-energy condition and reducing the temperature of the fuel cell 
stack 2. By making temperature of the fiiel cell stack 2 regularity, this stabilizes standard 
electromotive force and is for term about the accuracy of a detection value. Therefore, as long as 
it makes it not change temperature by time amoxmt by the device of raising the structure of a cooling 
plate 4, and the engine performance of a refrigerant, you may diagnose with the temperature when 
operating. In addition, since the one where temperature is higher is easy for detection of cross leak, it 
becomes easy to detect [ of cross leak ] the direction of the diagnosis by the operating temperature. 
However, since degradation of the catalyst bed of a cell, evaporation of a phosphoric acid, etc. will 
be accelerated if it becomes an elevated temperature, it is not so desirable to make temperature high 
more than an operating temperature. 

[0082] Furthermore, although the fiiel cell power plant set as the object of the gestalt of the above- 
mentioned implementation carried out by already continuing fixed period use, this invention is 
applicable also to fiiel cell power plants other than this. For example, after manufacture of a fuel cell 
power plant is completed, before starting a generating mode, the gestalt of the above-mentioned 
implementation is also applicable. 
[0083] 

[Effect of the Invention] According to above this inventions, from the correspondence relation of a 
change with time between the amoimt of supply of oxygen content gas, and the electrical potential 
difference generated in a stack By computing the hydrogen leak rate in a stack, and specifying 
generating of cross leak, when the hydrogen leak rate concemed is more than a hydrogen leak rate in 
always [ of said stack / forward ] The diagnostic approach of the fuel cell stack which can detect 
generating of cross leak certainly can be offered without needing special equipment. 
[0084] According to this invention, moreover, the amount of supply of the oxygen content gas for 
each cell of every for two or more cells of every, two or more cells of every — or from the 
correspondence relation of a change with time with the electrical potential difference generated for 
each cell of every By computing the hydrogen leak rate for each cell of every for two or more cells 
of every, and specifying generating of cross leak, when the hydrogen leak rate concemed is more 
than a hydrogen leak rate in always [ forward ] for each cell of every for two or more cells of every 
The diagnostic approach of the fuel cell stack which can distinguish certainly the cell which cross 
leak generated can be offered. 

[Translation done.] 
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«S*4;?/>^<i: ur«. ^iLr>t5f> (CH. ) ;&>^=>ajc^ 

5^^:;t7;:<tC7K^M (H, O) ^^axT^jnl^.L . ^XCDS^ 

[0014] 
[1^3] 



•as: 3 



i^^—WLitmm (CO) fcM7&^j^c?&^6^^nTc^^;j>^ 
xcDc^^ mmtf>^j t^r^. zimimm\tmm.it 



••14 4 

[0015] 

^m^^f ^ /c2?)&c{j. jgsf4S 1 a iSLV^mimm i b tc-e 



(4) 
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mtimm^cmz^i.. mn^ti^tci^. §^m(ofcisb<omm 

[0016] CCDJc'^J^cC^aS-h^CCJcO^I*®! a SO' 



[0 0 17] ^e^C. «S*4:^';^tD:^J£;&5«Ll^li^. ^ 

[0018] 
[»5] 



[i«f6] 



C + 2H2 O— COj + 4H^ + 4e' 



C+Hg 0-^C0+2H* +2€ 



[0019] ^PX u-i^^^^^-rsi. SJt;;^';?^©^ 
[0 02 0] c<D<i:'>rj:d^ax'j -^(D^^i^l^m^^ 

[0 02 1 ] mUmm:^ ^ ^(OmBEi)^ 

[0 02 2] cntc^^t^ja-r-sfcJ^). ^{b^Mx^^^^fai^ 
tih^:^^<oi:Mitm,^i^^mm.r^c.tiiCjz->x. 



iC5 



•^6 



20 [0 02 3] ^/t. ^lbar«JSj&^6gm5ti^:^'>^q3(7:)7K 
[0 02 4] $^^c. i^Jb<D<J:^i^cCgtffi:^;^4'<3Dn^fb 

30 -eor. fct^mm:f7::^(fC^^mn^^^m^x^ 
fctLxi>. M^b^JS<7:>aiP-7^^^->'^F7&^6grtl^?n 
^tf:^At. mnmr^:^ ^ -J ^(0'^x(o^wi^tf^f^mm^ 

a:^ V-^f)^^OXl^^:^^^^^M'r^cait^X'trj:\,K 

[002 5] ^:x±(oj:^tj:m^t^m<omm.^. 

[002 7] 

wc. n^m 1 iBts<D^0j-c^ej^*4m?tfe>^ i> ^cd^ 
m-ysm^t. m^mLmitmmt<Dmi.c^mm^mA,x 

50 ^cmm.^ti^^'y<icmmkm^txfc:^^-j^^. &mm. 



mc fcttf ^ mm(>cmntf::<^m^r ^mn tf^ ^^^^ 

[0 02 8 } J^JicD J: ^ tjimmm l IBiScO^^^-CCi. ^ 

[0 0 3 0] fcfci^. ;^m^W:^';^*07k^(i. 
*^Mfb^J@tCj£t$Jb"CC^< /c2!b. jE^B^COJ^ ^ ^tC:fe 

[0 03 1 ] it5}t^2iBtJcCD^B^r*S^*4m?&;^^ 



(5) 1«§§^9 -2 7 3 3 6 

3 

;^^«iters®?<b3»j:^';^^^j^'-ju v t^m^tcmx^m 
^ita. cticcw-:>xm&<Dmmmctccx^tm^(om 

I^L. MiBS$^^W;^7::^(?>etJ&ScD^{btci4^^a3^(^# 

mj: . mmo:>mmm cr <?: cc xcifi ^ cD^m^fe c £ 
?fe c <b X fl ^ <D mmrtfe cr i cc #t.^& ^ n s HirgB^^ 

TS^EEicr)i^B^e«3^{b<!:(D>^fi;£;|ig^:?5^6. 

rtfe c: i (OX ^tm ^ cD^^yfe c: <b CD ykmm^m^ntti l . 

[0 0 3 2] IU±<DJ: ^ rj:m^^ 2 iEmo:>^^^xu. ^ 

ts. mnmm:^^ y i>(^c:i6i.^x. ±x<Dmmm(Dmim 

So 

[0 0 3 3 ] ^Or. m^m:fkCOmmtJ::^'7::.^.^j\, K 

mi^^^MB^s^jtc^^fb-rSo -eur. mMcom^Emmx^c 

[0034] mm^m^'y^o:>mi^m^Wi^ cci^^-$-t±-c 

rm/E:?&^,^^ccig;TTSo c<Dmil<7:)^{b(Df±:^ci. ^ 
50 m^m:^'^(fC^^ti^mm<D^Mm.^i. ^^mmmcom'^ 



9 

[0 03 5 ] /c/cu. 7\<m^m:^^^^o:>7hmttt. mmm 
r * ^ ^mf'cm.wcDim'vmm u , c oig^? u tcTkm 

[0 03 6] iS^:^ 3 iB*jtO^B^«. It^^l i XtJfS^ 

[0 03 7] Ji^±CD<:fc ^J^jrff 3:^:^3 fBiSCDfi0^T?ti. 
[0 03 8 ] fi*^4 IBtgCD^B^t^:. ft3|cil 1 - 3 COC^ 

-rn^)^ 1 TicciBijiCojg^J4m?tfex ^ ^(Di^»T:/5'fficc:tei^ 
r. mriB^«^^:^X(DS*^WS«. ilrS-r-SSulB* 

[0 03 9] ti±<Ocfc ^ Aj:ii^^4fBtKO^I9-C«. ^ 
^^W*r*>;tC^^n^^^<D?^J^^O. l%«Tif^ 

[0 040] 



(6) 1#g§^9 -27 33 6 

10 

^ t> 2 i'i. ^BSfb ur 1 f@o#mr& i 

1 . :^X^SI«3JtO'?^aiS4 C iiC 

[0 04 1 ] ( 1 ) m 1 (O^JfeCD?^,^ 

m^Ji 1 fBi8o^H^'r*>-2>*aif4mvtfe#fem^gcD^i&?^i£ 

[0042] (a) mi<D^5te<D?f^y|gC7:>tl^^)^tmi;^j:-S 

^2Cc:4dC:f'2>i^^l4^ 1 aCc;;i. jt«14:0':7.fit^A^ i i^a: 
gptbwi 27&^g^$nrci^o «!l*4;^7 1 i 

<S*4:^7;^<D«jr^^2g<bL'r. ^^:^7X<!:.7k^^3!,.e>K 

3^(^. mitmtf:::^(D^m^UX. 
[ 0 0 4 3 ] JS/c, @^<fcSlJ:!e/X«*^lf 1 3 OCCi. -?-OF^ 

r. ^fti 6tc«ifB^^ig2 o*5^3^$tirt^^>„ 

^fe$nriBiife^g2 otci^en. ccoiBii^gtcj:-^ 
30 x^m(ommmj:^^t:^^tEm:^ti^m0s,t •o-rt^-s,, 

$6C<:. ^{b^J;^'x^i^^^ 1 3CC{3:. ^^^1 7 ^^C:r 

0. 1 ^cZ^M^^^tc^g^Lfc^X^An/c:^'::^ 
[0044]— «l*4m?fe::^»t:'d!'2*^e>lX0ttJ?tl 

/ciiz3^^ijs&3:. mmm 3 i^:rro. mm^3 2^Mr>r 
^^<omt}nm(fcmt&^ti^mg(,trj:'oxi^^^ ^tc. 

40 «S*4mttfe:^ ^ ^ 2 -C^^-r'5>mff^fHi'JT -soffit 3 
4:<?5. i^f4^y&X^ ^2<DM@rH^tC^^^nri^'2>, 

mEEtt 3 4 rttiftJ^ n/cmEEcD«i«. ta^^gg 2 0 

[0 04 5] ih) mi cDHJioff^isiof^ffi 

-ec7)||«5(D^Jilw:fi^-5rittBjT^. 
[0 04 6 ] CD^1if?±*>6K3S$W:^f:^KO'*^W 

50 ±y!^<om^m^^mmm.fimm^mc$>:bm^^c\it.. m 



(7) 
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[0047] J^icDj: ^fj:*Sf4mrfel%m^gCC*tLr. 
cD:Fn&14 ;^ ^ L r . «Sf 4 :^ cfc cn'^^ bSU x ^ 

^^^w*rxcci^^n^^^<7:)?«e^o, i%t^T 
10 0 4 9] iu±(oj:^^f^m^f¥±ufcm. mm^i 

l^m^^^X. ^fb^J:^':^^.^-^l^l SCcmm^^tfy^ 
[0 05 0] (2>^^mEEO^tB 



12 



<2. 
(2. 
(2. 



3 RTy2 F) 1 
3RT/2F) 1 
3RT/4F) 1 



^'2-c^'PX»;-i7;&i^iL/rc^^il^. **3p4^rifcj^ a? 
i . «5*4m?ib;^ i> ^ 2 T'^^fe-r '2>mEEt3:AUTcO J: ^ 
[0 0 5 1 ] Wxt^f. #m^fel®^/c»D 0. 6-0. 8 

^j:€)<t^/I&^.%ffl[tcig;TOr. #m?lfeHl^/c»3 0. 1 

-0. 2 Vfigtc^^j:^. 

[005 2] C OJ: ^ J:i^^^W:^'^(Z:>f^^*^St^?JSMit 
1 6tci:r>r^iJ^$n. ^^miE(3:mEEff-3 4CCJ:^T 

i'j^^ii'E). -en60iitj:£fii;3:i[ii^^^2 occi^i^n, 
— ^B#rBi c: <i: tciBii^ $ ti ^ o c o J: ^ tciaif^ ^ ti /c^^ 

[0 053] C3>M^^^;^'y;0#t*^a<h^lE<f:^fbCDB€ 

e^jtct3:^;b>x hcr>5C«:ct0;X^7OJ:^tc^$n-S, 
[0 054] 
30 [»7] 
Off CCj • C o^^^ ) 
o g (Cg ) 

OK <C o) —^7 



3 1 (J/mo 1 • K) . Ft'J:7r -^-r-^ 
1ST 9 6 4 8 5 (C/mo 1 ) "Tab-So 
[0 05 5 ] /c/cU. ^^^?aj^^^f ^i. Ea 

(log (Co) ) ^C^-r'5miEEC0M#«2. 3RT$« 



i-r^^iiEicoK^^c:ioc^r. -mm.coif^w i o & i 

[0 05 6] 
[»8] 



E-^Q + (2. 3RT/2F) log 



(Cj ) 

+ Cb + 2. 3RT/4F) log (Co) ..-^8 



S<h-r^« CCDit^tC&^. ±IBCD.fc^6Cg^{b^J©l b^C 



50 



[0 05 7] tl?^bT^/c7K^(D^J|?i)5. M^bm^cD^ 



C8) 
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13 



14 



o'\ i^m^^tf>^(Dm^^M^s. yi<m(omBM^L^L * [oo5 8] 



iC9 



E«Eq + (2, 
+ (b + 2. 



3 RTy2 P) 
3 RT/4 F> 



I o s 



CC,) 
( (Co 



[0 0 6 0 ] ;^j::fo\ ^n;:; V - P^^^CXi.^fj:i^m'^(^c 



1 0 

[0 0 6 2 ] S4>ii#cctJ. ^2^tc*5l^r. ^EE;!>5:m 
(•3!, (^1 0) 6^*^-5) <fc^6C, Co*"xSe = L/ 

20 [0 063] ^fc. ^^W:^*Xtt*^SS, CD<b^(7:)m 

BEE. m^ms^ (oa^coMEEE, ^mmt^^. 

[llStl 1 ] 



•1 "^2 
= Cb + 2. 



3 RT/4 F> I o 8 



CC 



'x S„ - L/2) 



f4:^tc. L*5j:0'Eo ^^f^iur. (^10) ^^/h 

[0 0 64] ic) mi (Dmm<omm(on^ 
[0065] c(D^^(rc. mnmm^mmmci6i-^^^ 
[0 06 6] }tfc. ^Brt*. Mmmij^i,^m.rm^^m 



30 — ^frCJ^cO. liP^a^;t;7&iS^Lx. t^U3fii*^iE5t<b^cC 
[0067] $6tC. M^^W:^'^^C^^n'E»S^^(Z)2^ 

^^^^j: < r -5 C i :f&5-C # -5o 
[006 8] (2) ^2<0||*fecr>?i^Si 

[0 06 9 ] (a) ||2©SeteCDJ^®(D^»r^*<!:^j:^ 

1 <!:;^/;^55^g|®3^-^<3r)^^^Jl-r^c:<b 
50 (fC^m^4^mX^tXX{.^^. C<0}^i&^4 ^<%m^4 



15 

[0 07 0] ( b ) m2o:>mmo:>'Bm(o{'^m 

[0 07 1 ] ^-r. ^3^l*f@ ^ <D*^rtfe 1 

[ 0 0 7 2 ] -e Lr . m 1 0|ISfe(DJf^<2i<i:|S]«CC. «*f4 

[0 07 3] te^t^^mm^mio::^m^mt^^mK^co 

iS?';; i^^Xtimmi^tel 3&5^^±i^CC. ^7<D 

[0 074] ( c ) m^(omm<Dl^^m(J:>nm^ 

[007 5] $6tC. t>P;=;y-t27<D^^^. {@^CC>1^ 



(9) jf$g§3|i9 - 2 7 3 3 6 

16 

[0 07 6 ] i^*4^rfe;^^ y ^2;:)^^^;5:^T^r 

rife;:^ :5'2CD^aS&^C2(3f—=fll6CigTOTC^-So t^^-o 
10 [0 07 7 ] ( 3 ) ^(Omiy^m^m 

[0 07 8] J:ie<0^*fetD?f^JliCC4tfl^r 1$ 

^W:^XCC*5t:tS^S<D^Wa«0. 

•h^. 0. 1 %«TT25ni^fii2C7:>iii-c^<:tc^o 

[0 07 9] ^/c. ^^.*4@1 a^C^|&5n-2>7K^^W*^' 
r i^/cis-&6c«^(D^|g;&^;^^ c>cD-r ^ p y - ij^cDt^ 

[0 08 0 ].Jbie<D|iitscD®.^.cc*5C^-c{i. n^<DmM 
30 <Dmr^, ^^;e/X(D^&c<J:-:,T. J»3P4=S1 alSfcO'^ 
fb^JS 1 b 75^6M*4;^'>^:5:?>'S$fb^J:^'x^^t(J&fjtcgptli 
$-l±rCi/c, JbiBCDJ:^Cc*«Sf4:^';:?:«-ecD^^ 

X ^ L i^cC < r 4> cfc t ^ o 
[ 0 0 8 1 ] ^/c. JbiBllirScD?f^?|g'ClJ. ^mt^,^^f^ 

±?i±r«Sf4^?ib;^ ^ -J ^ 2<DiaS^igT$-i±/cfMtc^ 
[0 08 2] S6tc. _biB^JSOJ^.^CD^^iJ^d:o/cM 

50 h<0'c^'^fct)S. *j^B^«^ cti*a^(D*^f4m^&^m^ 



(10) 

17 

[0 0 8 3 ] 

^7 o - i2?(D^^5i^tc^^f -5 C t i)^u]1g^tj:mM 

'Sp *30 



*#ga^9 - 2 7 3 3 6 

18 

1 • --m^rtfe 

1 1 -m^i^-^m^'m 
1 2-«s*4:^';^efai^ 

1 3 - •KffcSFJ:^';^«$&^ 
1 4-^{b^J:^';7.gffcti'g 

1 5— &SPgp^ 
1 6 * -astt 

1 1 -mmn 

1 8-M^^^;^'X«i^ 

1 9-g!3S^W*r>^7K>-< 

2 0 - iBli^g 

3 1 -msfe^ 

3 2 - PBrl^ 

3 3- •^>>'^'-^- 

3 4 -miEti- 

4 1 -Th^U^- 

4 2 ^;^'X^>— ;U 
4 3-t-t>-- 



[^ 1 ] 



[1^2 ] 



n «8 Armies 



33 




CE 



13 m\smj.mi^^ 



(11) 



- 2 7 3 3 6 




